Toll-like receptors (TLRs) represent the main class of pattern-recognition receptors involved in sensing pathogenic microorganisms. The aim of the present study was to assess the role of TLR4 in the defense against Candida albicans infection. The outgrowth of C. albicans was 10-fold higher in TLR4-defective C3H/HeJ mice, compared with that in control C3H/HeN mice (P , .05). Production of tumor necrosis factor (TNF) and interleukin (IL)-1a and IL-1b by mouse macrophages in response to C. albicans stimulation was not affected by TLR4, and the candidacidal capacities of the neutrophils and macrophages of C3H/HeJ mice were normal. In contrast, production of the CXC chemokines KC and macrophage inhibitory protein-2 was 40%-60% lower by the macrophages of C3H/HeJ mice (P , .05), which resulted in a 40% decrease in neutrophil recruitment to the site of infection. Candida-induced TNF and IL-1b production by human peripheral blood mononuclear cells was significantly inhibited by blocking anti-TLR2 antibodies in vitro. In conclusion, TLR4-defective C3H/HeJ mice are more susceptible to C. albicans infection, and this is associated with impaired chemokine expression and neutrophil recruitment.
Acute disseminated candidiasis is a severe infection that occurs mainly in immunocompromised hosts. The mortality rate associated with disseminated candidiasis has changed little, despite the availability of new antifungal drugs, and the incidence of the disease has increased during recent years [1, 2] . Despite the importance of Candida albicans in human disease, little is known about the mechanisms through which Candida is recognized by the cells and triggers the host defense. Recent data have suggested an important role of the Toll-like receptors (TLRs) for the innate immunity to pathogens. Initially identified in Drosophila as a gene required for ontogenesis, Spaetzle/Toll interactions have been shown to control the expression of the antifungal peptide gene drosomycin and to be crucial for the antifungal response of the insect [3] . Because of the homology between the intracellular domains of the Drosophila Toll and the mammalian interleukin (IL)-1 receptor type I, it has been hypothesized that homologs of Toll may also be present in mammalian cells and involved in antimicrobial resistance. Indeed, studies performed during recent years have demonstrated that TLRs are the most important class of pattern-recognition receptors in mammals: TLR2 for peptidoglycans [4] [5] [6] , lipoarabinomannan [7] , and bacterial lipoproteins [8] ; TLR4 for lipopolysaccharide (LPS) [9] and lipoteichoic acid [5] ; TLR5 for flagellin [10] ; and TLR9 for bacterial DNA [11] .
In contrast, little information is available on the role of TLRs in the host defense against fungal pathogens in humans, despite the fact that the initial description of Toll in Drosophila as controlling antifungal mechanisms would suggest the possibility that TLRs play a role in the mammalian antifungal defense. It has been shown that TLR2 is involved in the recognition of zymosan, a cell-wall particle of the yeast Saccharomyces, which leads to NF-kB activation and tumor necrosis factor (TNF) production [12] . In contrast, a role for TLR4, but not TLR2, was found in the induction of proinflammatory cytokines by Aspergillus fumigatus [13] , whereas TLR4 has been suggested to mediate intracellular signaling, but not TNF production, after stimulation of cells with Cryptococcus neoformans glucuronoxylomannan [14] . No data are available on the role of TLRs for the recognition of the important human pathogen C. albicans.
In the present study, the role of TLRs for the host defense against C. albicans was investigated. To that end, we assessed the susceptibility to disseminated candidiasis of C3H/HeJ mice, which are known to have a defective TLR4 because of a point mutation [9] . We also investigated the host defense mechanisms responsible for antifungal defense in these mice: cytokine and chemokine production, neutrophil recruitment to the site of infection, phagocytosis, and killing of the microorganisms. The possible differential role of TLR2 and TLR4 for mediating the induction of cytokines and chemokines by C. albicans also was assessed by blocking these receptors on the surface of human peripheral blood mononuclear cells (PBMC) with specific antagonistic antibodies, before stimulation with C. albicans was performed.
Materials and Methods
Animals. C3H/HeJ and C3H/HeN mice (20-25 g, 6-8 weeks old) were obtained from Jackson Laboratories. The mice were fed sterilized laboratory chow (Hope Farms) and water ad libitum.
Reagents. Escherichia coli LPS (serotype 055:B5) was obtained from Sigma Chemical. The mouse anti-human monoclonal anti-TLR4 HTA125 antibody was a kind gift of Dr. Kensuke Miyake (Saga Medical School, Saga, Japan). The mouse anti-human monoclonal anti-TLR2 antibody was kindly provided by Dr. Douglas Golenbock (Boston University, Boston). The mouse antihuman monoclonal anti-CD14 WT14 antibody was a kind gift of Dr. Wil Tax (University Medical Center, Nijmegen, The Netherlands). A mouse IgG control antibody was used as a control (Sigma).
C. albicans infection model. C. albicans UC 820, a strain welldescribed elsewhere [15] , has been used in all experiments. A nonlethal experimental model of disseminated candidiasis was used in which C3H/HeJ and C3H/HeN mice were injected intravenously with C. albicans (1 £ 10 5 cfu/mouse) in a 100-mL volume of sterile pyrogen-free PBS. Subgroups of 5 animals were killed on day 1 or 7 of infection. To assess the tissue outgrowth of the microorganisms on these days, the liver and kidneys of the killed animals were removed aseptically, weighed, and homogenized in sterile saline in a tissue grinder. The number of viable Candida cells in the tissues was determined by plating serial dilutions on Sabouraud dextrose agar plates, as described elsewhere [16] . The colony-forming units were counted after 24 h of incubation at 37 C and expressed as log colony-forming units per gram of tissue.
In vitro cytokine production. Groups of 5 C3H/HeJ and C3H/HeN mice were killed, and resident peritoneal macrophages were harvested by injecting 4 mL of sterile PBS that contained 0.38% sodium citrate [17] . After centrifugation and washing, the cells were resuspended in RPMI 1640 medium that contained 1 mM pyruvate, 2 mM L-glutamine, 100 mg/mL gentamicin, and 2% fresh mouse plasma (culture medium). Cells were cultured in 96-well microtiter plates (Greiner) at 10 5 cells/well, in a final volume of 200 mL. The cells were stimulated with either control medium or 1 £ 10 7 cfu/mL heat-killed (1 h at 100 C) C. albicans. After 24 h of incubation at 37 C, the plates were centrifuged (500 g for 10 min), and the supernatant was collected and stored at 2 80 C until cytokine assays were performed. Recruitment of neutrophils. To investigate the recruitment of polymorphonuclear leukocytes (PMNL) at the site of Candida infection, groups of 5 C3H/HeJ and C3H/HeN mice were injected intraperitoneally (ip) with 10 7 cfu of heat-killed C. albicans, in a volume of 100 mL. In pilot experiments, the maximum neutrophil infiltration after ip injection of heat-killed Candida was found after 4 h. After 4 h, peritoneal cells from C3H/HeJ and C3H/HeN mice were collected in sterile saline that contained 0.38% sodium citrate, and the total cell number was counted in a hemacytometer. The percentage and the absolute numbers of neutrophils were determined in Giemsastained cytocentrifuge preparations.
Phagocytosis and killing of C. albicans by macrophages and neutrophils. Either resident peritoneal macrophages or exudate peritoneal PMNL were obtained, and phagocytosis and killing were performed according to a modification of a method described elsewhere [17] . Exudate peritoneal phagocytes from groups of 5 C3H/ HeJ and C3H/HeN mice were elicited by an ip injection of 10% proteose peptone. Cells were collected in separate sterile tubes by washing the peritoneal cavity with 4 mL of ice-cold PBS that contained 50 U/mL heparin for 4 (65%^11% PMNL) or 72 h (84%^6% macrophages) after injection. Phagocytes were centrifuged (for 10 min at 2250 g ), counted in a Bürker counting chamber, and resuspended in RPMI 1640 Dutch modification (with 20 mM Hepes and without L-glutamine; ICN Biomedicals) supplemented with 5% heatinactivated fetal calf serum, 1% gentamicin, 1% L-glutamine, and 1% pyruvate (henceforth, RPMI-dm). The processes of phagocytosis and intracellular killing were studied in an adherent monolayer of phagocytes. To create a monolayer of phagocytes, 5 £ 10 5 cells in 100 mL of RPMI-dm were dispensed into the wells of a 96-well flatbottom plate (Costar) and incubated at 37 C in air and 5% CO 2 . Granulocytes were allowed to adhere for 0.5 h and macrophages for 2 h before the monolayers were gently washed with culture medium to remove nonadherent cells. The percentage of adherence was calculated as (1 2 ½ number of nonadherent cells/5 £ 10 5 Þ £ 100. Subsequently, the cells were incubated with 1 £ 10 4 cfu C. albicans, which were opsonized for 45 min at 24 C in modified Eagle's medium (MEM; Gibco Life Technologies) that contained 2.5% fresh mouse serum (effector:target ratio, 40:1). After 15 min, supernatants were aspirated, and monolayers were gently washed with MEM to remove noningested microorganisms. The supernatant and well washings that contained the noningested Candida blastoconidia were combined and plated in serial dilutions on Sabouraud agar plates. The percentage of phagocytized microorganisms was defined as [1 2 ðnumber of uningested cfu/cfu at the start of incubation) £ 100.
Killing of C. albicans by phagocytes was assessed in the same monolayers. After removal of the nonphagocytized Candida blastoconidia, 200 mL of culture medium, consisting of Sabouraud in MEM (50% vol/vol), was added to the monolayers. After 3 h of incubation at 37 C in air and 5% CO 2 , the wells were scraped gently with a plastic paddle and washed with 200 mL distilled H 2 O to achieve lysis of phagocytes. This procedure was repeated 3 times, after which the pooled washes were adjusted to a final volume of 1 mL with distilled water. Microscopic examination of the culture plates showed that there was a complete removal of phagocytes. To quantify the number of viable intracellular Candida blastoconidia, 10-fold dilutions of each sample were spread on Sabouraud agar plates and incubated at 37 C for 24 h. The percentage of yeast killed by the phagocytes was determined as follows: [1 2 ðcfu after incubation/ number of phagocytized cfu) £ 100. Phagocyte-free incubations of blastoconidia were included as a control for yeast viability.
Nitric oxide (NO) production. Resident peritoneal macrophages were collected as described above. Cells were counted and adjusted to 5 £ 10 6 /mL and stimulated with heat-killed C. albicans (10 7 cfu/ mL) and recombinant human IFN-g (100 U/mL) for 24 h at 37 C. Nitrite concentrations in the supernatants were determined by the Griess reaction [18] .
Superoxide production. PMNL of TLR4-defective C3H/HeJ and control C3H/HeN mice were collected 4 h after intraperitoneal injection of proteose peptone, as described above. Luminol-enhanced chemiluminescence of proteose-peptone-elicited PMNL was measured on a Victor 1420 multilabel counter (Wallac) at 20 C by use of white 96-well microplates (Costar), as described elsewhere [19] . Each well contained 2 £ 10 5 cells, 50 mM luminol, 4.5 U/mL horseradish peroxidase (HRP), and 50 ng/mL phorbol 12-myristate 13-acetate (PMA) in 200 mL of Hanks's balanced salt solution without phenol red (Gibco Life Technologies) supplemented with 0.25% human albumin (Behringwerke). Reactions were started by adding Candida blastospores plus PMA. Each experiment was performed in duplicate. HRP was added to the system in order to overcome extracellular peroxidase deficiency. In previous experiments, we found that the addition of extra peroxidase did not affect superoxide production (measured as reduction of cytochrome c) of human neutrophils stimulated with PMA but increased luminol-enhanced chemiluminescence 3-4-fold. Hence, only the detection of superoxide is enhanced in the presence of extra peroxidase. The chemiluminescence was expressed as the total amount of superoxide produced during the assay period by integrating the area under the curve (in mV) per PMNL.
The role of TLR2, TLR4, and CD14 for the induction of cytokines and chemokines by C. albicans in human PBMC. Venous blood was drawn from a cubital vein of 7 healthy volunteers into 3 10-mL EDTA tubes (Monoject). Isolation of PBMC was performed as described elsewhere [20] , with minor modifications. The PBMC fraction was obtained by density centrifugation of blood diluted 1:1 in pyrogenfree saline over Ficoll-Paque (Pharmacia Biotech AB). PBMC were washed twice in saline and suspended in culture medium (RPMI 1640 medium supplemented with gentamicin [10 mg/mL], 10 mM L-glutamine, and 10 mM pyruvate). The cells were counted in a Coulter counter (Coulter Electronics), and the number was adjusted to 5 £ 10 6 cells/mL; 5 £ 10 5 PBMC in a 100-mL volume were incubated in 96-wells plates with 100 mL of either culture medium or heat-killed (30 min at 100 C) C. albicans (ATCC 10231; final concentration 10 5 -10 7 cfu/mL). In blocking studies, PBMC were preincubated (1 h at 37 C) with the various monoclonal antibodies (anti-TLR4, anti-TLR2, and anti-CD14; 20 mg/mL) before the stimulation with heat-killed C. albicans. All 3 antibodies used (anti-TLR2, anti-TLR4, and anti-CD14) were mouse anti-human IgG antibodies, and we used an mouse IgG isotype in all control wells. After 4 or 24 h incubation at 37 C, the supernatants were collected and stored at 2 70 C until assay. Cytokine assays. Murine IL-1a, IL-1b, and TNF-a were determined by specific RIAs (detection limit, 20 pg/mL), as described elsewhere [21] . Murine KC and macrophage inhibitory protein (MIP)-2 concentrations were measured by commercial ELISA kits, used according to the instructions of the manufacturer (R&D Systems). Human TNF-a and IL-1b concentrations were determined by specific RIAs, as described elsewhere [20] . Human IL-8 was measured by a commercial ELISA kit (Pelikine Compact; CLB), according to the instructions of the manufacturer.
Statistical analysis. The differences between groups were analyzed by the Mann-Whitney U test and, where appropriate, by KruskalWallis analysis of variance test. The level of significance between groups was set at P , :05. All experiments were performed at least twice, and the data are presented as cumulative results of all experiments performed.
Results
C. albicans infection model. The kidneys are the target organ for C. albicans outgrowth in murine candidiasis, and the TLR4-deficient C3H/HeJ mice were found to have a 10-fold increased load of C. albicans in the kidneys on days 1 and 7 postinfection (P , :05), compared with C3H/HeN control mice, which have an intact TLR4 ( figure 1) . A similar tendency, although not significant, was apparent for the outgrowth of C. albicans in the liver of the C3H/HeJ mice (data not shown).
In vitro cytokine production. To investigate the role of TLR4 in the stimulation of cytokines and chemokines by C. albicans, we stimulated in vitro peritoneal macrophages of C3H/HeJ and control C3H/HeN mice with heat-killed Candida blastospores. Cytokine production from unstimulated C3H/HeJ and C3H/HeN macrophages was below the detection limit for all cytokines studied (data not shown). Candida-stimulated production of TNF and IL-1a was similar in macrophages isolated from C3H/HeJ and C3H/HeN mice ( figure 2A) . In contrast, the synthesis of the chemokines KC and MIP-2 was significantly lower in C3H/HeJ macrophages stimulated with Candida, compared with controls ( figure 2B ). These data suggest that TLR4 plays an important role in the stimulation of the chemokines KC and MIP-2, but not of the proinflammatory cytokines TNF, IL-1a, and IL-1b, by C. albicans.
Recruitment of PMNL. To investigate the recruitment of neutrophils to the site of a C. albicans infection, groups of C3H/HeJ and C3H/HeN mice were infected intraperitoneally with 10 7 cfu C. albicans, and exudate peritoneal neutrophils were harvested and counted 4 h later. As shown in figure 3 , there was significantly less infiltration of neutrophils in the peritoneal cavity of C3H/HeJ mice than in that of C3H/HeN mice (39% reduction; P , :05).
Phagocytosis and killing of C. albicans. Phagocytosis of C. albicans by PMNL of C3H/HeJ mice was similar to that by PMNL of C3H/HeN mice (34% vs. 38% phagocytized in 15 min; P . :05). In addition, neutrophils of C3H/HeJ and C3H/HeN mice were equally potent to kill the phagocytized Candida blastospores (95%^3% vs. 94%^4% in 4 h; P . :05). This was accompanied by similar production of both superoxide and NO production by PMNL and macrophages, respectively, isolated from C3H/ HeJ and C3H/HeN mice (table 1) .
The role of TLR2, TLR4, and CD14 for the induction of cytokines and chemokines by C. albicans in PBMC. Preincubation of PBMC for 1 h with anti-TLR4 antibodies did not influence the production of TNF, IL-1b, and IL-8 after stimulation with 10 7 C. albicans blastospores (figure 4), whereas the anti-TLR4 antibodies significantly down-regulated the production of LPS-stimulated TNF ( figure 4, inset ) . In contrast to the lack of effect of TLR4 on Candida-induced cytokines, blockade of TLR2 by a neutralizing antibody resulted in a significant reduction of the production of TNF and IL-1b but not of the CXC chemokine IL-8 ( figure  4) . To investigate the role of CD14 in the interaction between C.
albicans and host cells, we preincubated PBMC with a neutralizing anti-CD14 antibody. Anti-CD14 antibody did not influence Candida-induced production of TNF (anti-CD14, 2800^460 vs. control, 3380^580 pg/mL; P . :05) or IL-1b (1570^330 vs. 1740^430 pg/mL; P . :05). The anti-CD14 antibody almost completely (80%-90%) inhibited the induction of TNF and IL1b production by LPS (P , :05; data not shown). Similar data were obtained when 10 5 or 10 6 Candida cfu/mL were used (data not shown). When PBMC were stimulated with C. albicans for 4 instead of 24 h, IL-1b and IL-8 production was very low, whereas synthesis of TNF was 40%-60% inhibited by the anti-TLR2 antibody (P , :05) but not by the anti-TLR4 or anti-CD14 antibodies (data not shown).
Discussion
The results of the present study demonstrate that the absence of intact TLR4-mediated signal transduction in C3H/HeJ mice leads to an increased C. albicans outgrowth in the kidneys. This effect of TLR4 is not exerted at the level of proinflammatory cytokine production or antifungal killing mechanisms. Rather, the recruitment of neutrophils to the site of infection is impaired in C3H/HeJ mice, and this correlates with a defective production of the neutrophil chemokines KC and MIP-2. In contrast to the synthesis of the CXC chemokines, the production of the proinflammatory cytokines TNF and IL-1b by C. albicans is induced through signals mediated by TLR2.
Our finding that TLR4-deficient C3H/HeJ mice have an increased susceptibility to disseminated candidiasis is in agreement with studies showing that TLR4 is involved in the recognition and host defense to A. fumigatus and C. neoformans, 2 other important fungal pathogens [13, 14] . The increased susceptibility of C3H/HeJ mice to disseminated candidiasis was manifested as an increased outgrowth of the microorganism in the kidneys, which are the target organ of disseminated candidiasis in mice. It is important to emphasize that C3H/HeJ mice have a defective TLR4 because of a point mutation, and even more accentuated differences, compared with control mice, may be expected in mice with a null mutation, such as ScCr mice or knockout TLR4 2/2 mice.
The increased fungal load in the organs of the TLR4-defective C3H/HeJ mice was associated with a blunted production of CXC chemokines KC and MIP-2, which resulted in a reduced recruitment of neutrophils to the infection site and led to overwhelming multiplication of the yeasts. This is in line with earlier data showing that translocation of NF-kB to the nucleus, which is required for the transcription of KC and MIP-2 genes [22, 23] , is under control of TLR4. The implication of defective chemokine synthesis and neutrophil recruitment in the increased susceptibility of TLR4-deficient mice during Candida infection is highly similar to the mechanism that leads to E. coli urinary tract infection in TLR4-deficient mice, which also display decreased chemokine production and lower neutrophil infiltration in the urinary tract after infection with E. coli [24] .
Although TLR4 is involved in host defense to C. albicans infection through modulation of chemokine synthesis and neutrophil recruitment, the normal TNF and IL-1 production by TLR4-deficient macrophages implies that other TLRs mediate stimulation of proinflammatory cytokines by Candida. Underhill et al. [12] have shown a crucial role of TLR2/TLR6 heterodimers for the recognition of zymosan, a cell wall component of Saccharomyces cerevisiae, after internalization of the particles into phagosomes. Indeed, blocking TLR2 on human mononuclear cells with a specific anti-TLR2 antibody led to a 60%-75% inhibition of TNF and IL-1b production induced by C. albicans. This indicates that the induction of proinflammatory cytokines by Candida species is partially, but not exclusively, mediated by TLR2. Blocking TLR4 did not influence the production of proinflammatory cytokines, which is in line with the in vivo data obtained in C3H/ HeJ mice. Of interest, the production of IL-8, a CXC chemokine considered to be a human homolog of murine KC and MIP-2, was not influenced by blocking either TLR2 or TLR4, which suggests species specificity for the effect of TLRs. This may imply a different role of TLR4 in the defense against C. albicans in humans, compared with experimental models of disseminated NOTE. Resident peritoneal macrophages were harvested from C3H/HeN mice and C3H/HeJ mice and stimulated with a combination of 10 7 cfu/mL heat-killed C. albicans and recombinant interferon-g (100 U/mL) for 24 h to measure nitrite concentrations in the supernatants. Polymorphonuclear leukocytes (PMNL) of TLR4-deficient and normal mice were collected 4 h after intraperitoneal injection of proteose peptone and stimulated with 10 7 cfu/mL of Candida plus phorbol 12-myristate 13-acetate, to assess their capacity to release reactive oxygen species. Data represent means^SE of 10 mice. candidiasis in mice. Differences in TLR2-mediated NO synthesis and mycobacterial killing between murine and human macrophages have been demonstrated recently [25] , pointing to significant functional dissimilarities between human and murine TLRs. The use of TLR2 and TLR4 by C. albicans to differentially induce production of proinflammatory cytokines and chemokines implies that a single microorganism can selectively involve different TLRs to activate distinct host defense mechanisms. Although it has been proposed that TLRs transmit a "common danger signal" that leads to the synthesis of inflammatory mediators in response to the presence of pathogen-associated molecular patterns (PAMPs), recent reports have suggested not only that distinct TLRs can discriminate between different PAMPs from the same microorganism but also that the signals induced by the various TLRs may differ in terms of which set of genes is activated. In this context, similar to C. albicans, which uses both TLR2 and TLR4 for signaling, Neisseria meningitidis stimulates TLR4 through its LPS component and TLR2 through membrane-associated proteins [26, 27] , and M. tuberculosis uses both TLR2 and TLR4 to stimulate cytokine production [7] . Even more challenging is the concept that various TLRs activated by the same microorganism can activate different pathways of the host defense, which implies differences between the intracellular signal pathways triggered by the TLRs. Indeed, recent data have suggested differences in the intracellular protein complexes involving MyD88, TIRAP, Tollip, and p85 formed on binding to TLR4/TLR4 and TLR2/TLR6 dimers [28] . This results in differential activation of gene sets: stimulation of TLR2 by Porhyromonas gingivalis LPS leads to expression of the genes for TNF, IL-12p70, MIP-2, and IP-10 but not to expression of the genes for IFN-g, IL-12p40, and MCP-5, whereas stimulation of TLR4 by E. coli LPS induces the expression of all these genes [29] . In addition, the TLR2 agonists lipoarabinomannan and phosphatidylinositol are able to induce TNF and NO, but not IL-1b, whereas the TLR4 agonist E. coli LPS induces all 3 products [30] . Therefore, TLR2 and TLR4 can induce different intracellular signals, and this appears to be also the case for C. albicans stimulation.
Because CD14 is able to function as coreceptor for both TLR2 and TLR4 [13, 31] , we investigated whether CD14 is involved in the induction of cytokines by Candida. In contrast to the almost complete inhibition of LPS-induced cytokines, blocking CD14 had no effect on induction of TNF, IL-1b, or IL-8 by C. albicans. CD11b/CD18 is also a cellular receptor for Candida blastospores [32] . Because it has been shown recently that CD11b/CD18 acts together with the TLR4/CD14 complex to elicit a full LPS response [33] , it may be possible that CD11b/CD18 plays a similar role in the Candida-TLR interaction.
Phagocytosis of C. albicans was normal in the C3H/HeJ mice, which demonstrates that TLR4 is not involved in the phagocytosis of the fungus, which is in line with the studies suggesting that the mannose receptor (MR) is the most important phagocyte receptor for C. albicans [34] . MR is involved in the internalization of Candida [35] , and blockade of this step by mannoside inhibits the cytokine production [36] . It has been shown elsewhere that internalization of zymosan through MR recruits TLR2 to macrophage phagosomes, leading to intracellular signals and cytokine production [12] . It is tempting to speculate that the same cooperation between 2 classes of pattern-recognition receptors, namely phagocytic receptors such as MR and signaling receptors such as TLRs, is responsible for the recognition of C. albicans.
In Drosophila, Spaetzle/Toll interactions have been shown to induce direct antifungal mechanisms by controlling the expression of the defensin-like gene drosomycin [3] . Recent studies have also suggested activation by TLRs of direct antimicrobial mechanisms, such as oxygen species generation [37] and NO production [25] , which are the 2 main candidicidal mechanisms employed by the host [38] . We found that the candidicidal capacity of neutrophils was not impaired in TLR4-deficient C3H/HeJ mice, and this was accompanied by normal NO and superoxide production. It appears, therefore, that TLR4 is not involved in inducing these direct candidicidal host mechanisms.
In conclusion, TLR4 contributes to the host defense against disseminated C. albicans infection. The increased fungal load in the organs of TLR4-defective mice was associated with an impaired synthesis of CXC chemokines and a blunted neutrophil recruitment to the site of infection, which is a novel mechanism under the control of TLRs during systemic infection. Although cells of TLR4-deficient mice produce normal amounts of TNF and IL-1 after stimulation with C. albicans, the production of proinflammatory cytokines appears to be largely TLR2-dependent. We therefore conclude that both TLR2 and TLR4 are involved in the activation of host defense during disseminated candidiasis.
